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VXFKDVSUHVVXUH WHPSHUDWXUH UHDFWDQW UDWLRVJDVFRPSRVLWLRQ IORZUDWHPDVVHWF >@$OWKRXJKERWKELRJDVDQG
V\QJDV DUH DSSOLFDEOH IRU PHWKDQDWLRQ JDV FRPSRVLWLRQ KDV WR EH FRQVLGHUHG ZKLOH VHWWLQJ RXW WKH DSSURSULDWH
FRQGLWLRQVDQGSDUDPHWHUVHJDPRXQWRI+DGGHGIRUWKHPHWKDQDWLRQUHDFWLRQV>@)XUWKHUPRUHIRUELRJDVV\QJDV
PHWKDQDWLRQ DQ H[WHUQDO K\GURJHQ VRXUFH LV UHTXLUHG+ LV SURGXFHGE\K\GURO\VLV XVLQJ LUUHJXODU HQHUJ\ VRXUFHV
VXFK DV VRODU DQG ZLQG SRZHU WKXV LQWHJUDWLQJ ELRPDVV DQG LUUHJXODU UHQHZDEOHV LQWR D VLQJOH V\VWHP $OVR WKH
FRPSRVLWLRQ RI LQSXW JDV KDV DQ LQIOXHQFH RQ WKH PHWKDQH \LHOG 7KH PDLQ FRQFHUQ RI PHWKDQDWLRQ LV KLJK
WHPSHUDWXUHVGXHWRPHWKDQHIRUPDWLRQSURFHVVHVWKDWFDXVHFDUERQIRUPDWLRQ>@7RDYRLGWKLVLVVXHDQRSWLPL]DWLRQ
RISDUDPHWHUVDQGFRQGLWLRQVDUHUHTXLUHG>@7RLQLWLDWHWKHUHDFWLRQVDQH[WHUQDODGGLWLRQRIDFDWDO\VWLVQHHGHG
0HWKDQH LV D YDOXDEOH HQHUJ\ FDUULHU WKDW FDQ EH XVHG ZLWK LQWHJUDWLRQ RI LUUHJXODU UHQHZDEOH VRXUFHV YLD
PHWKDQDWLRQIRUSURGXFWLRQRIV\QWKHWLFQDWXUDOJDV61*,WPXVWEHQRWHGWKDW61*SURGXFWLRQLVFRPSOH[GXHWR
KLJKFRQFHQWUDWLRQVRI&2DQG&2WKDWKDYHWREHUHPRYHG>@,QWKLVVWXG\DQLQWHJUDWHGV\VWHPRIPHWKDQDWLRQ




$PDWKHPDWLFDOPRGHO LVGHYHORSHG WRVLPXODWH WKHPHWKDQDWLRQSURFHVVHVDQGFRQGLWLRQV WKDWDOORZREWDLQLQJ
WKHKLJKHVWTXDOLW\RI WKHRXWJRLQJJDV0DWKHPDWLFDOPRGHOLQJ LVXVHG WR H[SODLQ WKHSURFHVVHVRI D V\VWHPDQG
XQGHUVWDQGWKHUHODWLRQVEHWZHHQFRPSRQHQWVWRIRUHFDVWWKHSRVVLEOHUHVXOWV$PRGHOFRQVLVWVRIGLIIHUHQWUHODWLRQV
DQGYDULDEOHV5HODWLRQVDUHGHVFULEHGE\PDWKHPDWLFDOHTXDWLRQVDQGYDULDEOHVUHSUHVHQWLQJWKHYDOXHRISDUDPHWHUV
WKDW DUH DVVXPHG WR YDU\ZKLOH REWDLQLQJ WKH GHVLUDEOH UHVXOW >@ &RQVLGHULQJPHWKDQDWLRQ UHDFWLRQCV FRQGLWLRQ
GHSHQGHQW QDWXUH VLPXODWLRQ RI SURFHVVHV ZLWK GLIIHULQJ SDUDPHWULF YDOXHV LV FRQGXFWHG )RU WKLV UHVHDUFK D
1L0J$O2FDWDO\VWKDYHEHHQFKRVHQDFFRUGLQJWRWKHUHYLHZHGVWXG\RI;XDQG)URPHQW>@,QWKLVVSHFLILFFDVH
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6FHQDULRPRGHOLQJZDVFRQGXFWHGLQWKLVVWXG\WRFRQVLGHU WKHIHDVLEOHDOWHUQDWLYHVRIIXWXUHRXWFRPHVDQGWKH
UDQJH RI SDUDPHWHU RSWLPXP IRU WKH EHVW UHVXOW %HVLGHV VHYHUDO SDUDPHWHUV HJ SUHVVXUH UHDFWDQW UDWLRV JDV






GXULQJ H[SHULPHQWV PDGH E\ VFLHQWLVWV ;X DQG )URPHQW >@ 6FHQDULR DQDO\VLV LV GRQH E\ XVLQJ PDWKHPDWLFDO
PRGHOLQJ DQG VLPXODWLQJ PHWKDQDWLRQ SURFHVVHV H[SUHVVHG E\ PDWKHPDWLFDO HTXDWLRQV :LWK WKLV PHWKRG LW LV
SRVVLEOHWRPDNHDWKHRUHWLFDOHVWLPDWLRQRIWKHPRVWHIILFLHQWRXWFRPHE\VHWWLQJYDULRXVSDUDPHWHUV
6LQFHWKHSURFHVVHVDQGUHDFWLRQVRIJDVPHWKDQDWLRQDUHFRPSOH[DQGFRQGLWLRQGHSHQGHQWWKHDQDO\]HGV\VWHP








%RWKSDUWV EDQGFRI)LJZHUHDQDO\]HGVHSDUDWHO\± LQ WKHPL[LQJ WDQN WKHJDV LVEHLQJSUHSDUHGIRU WKH
PHWKDQDWLRQ ±PL[HG DQG SUHKHDWHG 6HYHUDO YDULDEOHV HJ GLPHQVLRQV RI WKHPL[LQJ WDQN JDV UHVLGHQFH WLPH
YROXPHWULF IORZUDWHDPRXQWRI+DGGHG WHPSHUDWXUHHWF DUHGHILQHGIRU WKH LQSXWVDQGRXWSXWVRI WKHPL[LQJ
WDQNKDYLQJKLJKLQIOXHQFHRQRYHUDOOSURFHVVDFWLYLW\7KHLQOHWIRUWKHPL[LQJWDQNFRQVLVWVRIWZRIORZV±V\QJDV






















CO + 3H2 ĺ CH4 + H2O 
CO2 + H2 ĺ CO + H2O 




















7KH IRUPDWLRQ DQG GLVDSSHDUDQFH UDWHV RI FKHPLFDO FRPSRXQGV DUH IXUWKHU XVHG IRU GHWHUPLQLQJ WKH ILQDO
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5HVXOWV






)URP )LJXUH  LW FDQ EH REVHUYHG WKDW UHDFWLRQ UDWHV U U DQG U LQFUHDVH ZLWK WHPSHUDWXUH JURZWK 7KH
WHPSHUDWXUH UDQJH VHOHFWHG IRU WKH FDOFXODWLRQV LV  ±  &ZLWK D VWHS RI  & $FFRUGLQJ WR WKH UHVXOWV
SUHVHQWHG LQ)LJXUH WKHILUVW UHDFWLRQKDVWKHKLJKHVW UHDFWLRQUDWHU7KHVHFRQGUHDFWLRQU LVPXFKVORZHU


































































FRQVXPHGE\ UHDFWLRQV , DQG ,,, WKHUH LV QR IXUWKHUSRVVLELOLW\ IRU&2DQG&2 UHPRYDO7KHUHIRUH LQMHFWLRQRI
H[FHVVDPRXQWRI+IRUIXUWKHU&2DQG&2UHPRYDOVKRXOGEHDVVHVVHGLQIXUWKHUVWXGLHV,WFDQDOVREHQRWHGWKDW
DODUJHDPRXQWRI+LVFRQVXPHGIRUIRUPDWLRQRI+2DVWKHUDWHRI+2IRUPDWLRQLVKLJKHUWKDQWKHUDWHRI&+
IRUPDWLRQ VHH )LJ  %\ UHPRYLQJ ZDWHU IURP WKH RXWIORZLQJ JDV WKHPHWKDQH¶VPDVV IUDFWLRQ FDQ EH IXUWKHU
LQFUHDVHGWRVHH)LJ7RLQFUHDVHWKHPHWKDQHFRQWHQWRIWKHRXWIORZLQJJDVVHFRQGDU\DQGHYHQWHUWLDU\
PHWKDQDWLRQUHDFWRUVKDYHWREHFRQVLGHUHGIRUHQFORVXUHLQWRWKHV\VWHP>@,QWKDWFDVHH[WUDK\GURJHQVXSSO\









+\GURJHQ KDV WKH KLJKHVW UDWH RI GLVDSSHDUDQFH +\GURJHQ ZLOO GLVDSSHDU DV D UHVXOW RI WUDQVIRUPDWLRQ LQWR
PHWKDQH DQG ZDWHU GXULQJ WKH FKHPLFDO UHDFWLRQV $ VLPLODU WUHQG LV REVHUYHG LQ FDVH RI FDUERQ GLR[LGH ± D
GLVDSSHDUDQFHRI&2FDQEHREVHUYHGGXULQJWKHFKHPLFDOUHDFWLRQVLQWKHPHWKDQDWLRQUHDFWRUKRZHYHUZLWKORZHU
UHDFWLRQ UDWH&+ DQG +2 KDYH D WUHQG RI IRUPDWLRQ :KHUHDV &2 ZLOO IRUP RU GLVDSSHDU GHSHQGLQJ RQ WKH
SUHYDLOLQJ UHDFWLRQ LH &2ZLOO UHDFWZLWK+ WR IRUP&+ DQG+2 LQ UHDFWLRQ , EXW LW ZLOO DOVR EH IRUPHG LQ
UHDFWLRQ,,WKRXJKDWDORZHUUDWH
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